L The BOD test is a laboratory method of measurdng tho quantity of dissolved
oxygen. rogquired during stabilization of all or a po%_m_g[_mie mattor
presefit. in & waste by serobic bioshemical action, | The test is porformed by
making suitsable dilutions of the westo in appropriately prepared oxygen
saturated water &nd then determing the dissolved oxygen used after & period of
incubating, usually five (5) days. The authority for the B(D test is 10th
edition "Standard Methods for the Examination of Water, Sewsge and Industrial
Vastes™, page 260-266, The following ia an imterpretation of the accepted
methed with the pertinent pointe dutlined in details The procedure outlined
has been found to giwe reliable resultse.

Your attention is invited to the fact that tho test was modifioed to same
degree in 10th Edition Standard Methods (1955). This procedure asupercedes
those procedures based on previous editions of the Standard Methods., A
detailed explanation of the test can be found in National Council Technical
Bullotin Nos LO.

Equipment Required

Inoubator or Vieter Bath - This should be of adequate size to hold at least
50-100 BOD bottles, If possible, it should be large enough to store at least
ane S~gallon jug of dilution water. The temperature should be maintained at
20% (+ or =) 1%,

B incubators are available from most laboratory equipment companys.
Satisfactory incubators or water baths can be fabricated at the mill providing
& source of cooling wator is available that remains below &20F ¢he year around.
Drawings of incubators or water baths suitable for the test are avajilable upon
request to any Council Office.

Rolative humidity rooms that have a tempsrature controlled to the required
limits may be used for incubatiom. If the average temperature is more or less
than 209C a suiteblo temperature correction of the computed BOD must be made
using Table yo, 2,

BOD Bottles = For convemience, commercially available 300 cc B bottles,
serially numbered with individual numbered stoppers and water seals are
reccmmended, Twoe doren B(D bottles is the minimum number required,
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Table 1

BOD RANGE CHARTS
{For 300 ml Bottles)

L//ﬁgj 1

For Samples—¥ith B of 450 ppm or Less

Dilution BCD Sample Dilution
Factor Renge (ml) Fac tor
(pPM)
100 200~-600 20 15
75 150-4L50 2% 32
60 120~360 30 10
50 100~300 Lo 7.5
L3 84-258 50 é
38 76~228 60 5
33 66-198 75 L
30 60~180 100 3
25 50~150 150 2
20 Lo-120 200 1.5
300 1
Nos 2

(Waste Semple is Diluted 1/10 - 1 volume waste to 9 volumes

For Samples With BOD of L50 ppm or Greater

Dilutsd Dilution BOD Range
Sample Factor PPM
M
10 300 600~1800
20 150 300~900
30 100 200~600
Lo 75 150-L50
50 60 120-360
60 50 100-300

{Kx]

BOD
Hange
(peM)

30-90
2lh-72
20-60
15-45
12-36
10-30
8-2L
6~18
L~12
3-9
2=-6
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The Dissolved Qxygen Determination

Remove stoppers from 8-10 B(D bottles,

Add 2 ml. manganous sulfate solution to each bottle (keeping pipette
below surface of liquid).

Add 2 ml alkaline iodide solution (keeping pipette below surfece of the
liquid}., Replace the stopper of each dbottle as soon as this solution is
edded.,

Rinse the bottles and mix by inverting 10 times.
Allow to stand until precipitate settles to  point of bottle.
Mix again by inverting the bottles 10 times,.

Let precipitete settle to t4is 3 point agein. To those bottles that do
not show & completely whits precipitate, add 2 ml of concentrated

H2S¢L'
Rinse the bottles and mix by inverting until the floc disappears.

Titrate 200 ml of sample {or the calculated volume corrected for
normality of the sodium thiosulfate -~ see preparation of Reagents for
determination of this volume) in a 250 ml beaker. Add the sodium
thiosulfate (0,025N) stirring continuously until the solution reaches
a pale atraw color., Add a dash of starch and titrate dropwise until
one drop destroys last trace of blue color.

Record the volume of thiosulfate used as PPM dissolved oxygen in the
semple,

If excess sodium thiosulfate is added, the end point is passed, use the
100 ml of sample remainings, The ml of the thiosulfate used multiplied
by 2 is the disselved oxygen consentration in the sample.

. Preparation of the Dilution Weter PR
z - o " ~+ ) <.
oy - E D _,\-\( VIR A ~

Aerathdiatzlled water free of copper ‘to-about-8-ppm-BrOy, place &
cottol—plug tu the neek and let stand for 2 or 3 daye-at-200 g 250

Whep reedy to set up B(D's, draw off intam another bottle slightly in
exchss the amount of water needed to perform the. test, It is convenient
to c‘llbrata this bottle ir Jiter increments.

To this bottle add each of the following solutidh- &t the rate of 1 ml,
perliterOB.Bml.&e_ rallony o, e AN {1- .;zu‘.'**_'

b
—

(a) Phosphate buffer.

(v) caloium chloride,

(c) magpesium sulphate .
(&) ferric chloride

The preparation of these solutions is covered later,
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(A) Nutrients for BQD Dilution Water,
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Preparation of the Dilution Water (cont)

Seed -the dilution water in the gsecond bottle with well settled domestic
sewage that has been aged and acclimated as described below. Add
sufficient seed to obtain & drop of about 0.5 ppm C.0 the dilution
water during the incubation period. Experience wi dictate the amount
af seeding materiasl required, The amount added normally falls between

1 and 10 ml per liter of dilution water., ~Three ml/liter is & recommended
dose if there is insufficient experienca available to determine the dose.

To prepars the seed, collect domestic sewage that has not been chlorinated,
add 10 ml of the waste per liter of sewage and let stand in an open

wide mouth jer for 24=36 hours at 20°C. Do not use seed that is more

then L8 hours old.

Dilution water to wh1ch phosphate burfer and seed have besn added should
be discarded after one day. .

The quality of the dilution water and viability of seeding material

are best checked by determining the B(D of standard solutions of

glucose or glutamic acid. This procedure is outlined later.

Preparation of Reagents and Solutions

.

Phosphate Buffer Selutlon ~ Dissolve 8.5 grams EH, Poh' 21.75 grams

K2HPQ,, 33.L grams NapE PO, +7H;0 and 1.7 grams NHC1 in ebout 500 ml
of distilled water and dilute to 1 liter., The pH of this sclution
should be 7.2 without further adjustment,

Calcium Chloride Solution - Dissolve 27.5 grams CaCl, (anhydrous)
in distilled water and dilute to one liter,

[
Megnesium Sulfate Solution ~ Dissolve 22,5 grams Mgsqh,7ﬂzo in
distilled water and dilute to one liter.

Ferric Chloride Soclution = Dissolve 0,25 grams F3013-6320 in distilled
water and dilute to one liter.

Reagents for the Dissolved Oxygen Test.

1.

S

grams Mn 5Q) JH 0) in distilled water, dilute to one liter. Filter out
or settle out precipitate and retain the supernltant'

Manganous Sulfate Solution J Dissolve L8O grems Mn S0, bﬂéo (or LOO

\
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Alkaline Iodide Solution ¢ Dissolve 500 grams NaOh {or 700 gms. KOH)
in 500 ml1 of distilled water.

Dissolve 150 gms of KI (or 135 grems Nal) in 150 ml distilled water,
Dissclve 10 gms sodium azide in LO ml water,
After all mixtures have dissolved and cooled, mix and dilute to one liter.

This solution is stable for one monthe The eéaustic and iodide solutions
may be mixed, diluted to 950 ml and stored for long pericds of time,

As required dissolve 1 gream sodium egide in 5 ml of distilled water &and
add to 100 ml of *he caustic-iodide solution.

Sulphuric Acid - Reagent Grede - SG 1l.83-1.84.

Sodium Thiosulfate - N/io Stock solution. Dissolve 24,82 grams
Na28203~ 5Ho0 in 750 ml distilled water and dilute to one liter. This
sclution may be preserved with 5 ml chloroform or 1 gram NeOH.

Sodium Thiosulfate - N/LO (0.025N) solution, Dilute 1 volume of N/10
stock solution with 3 volumes of distilled water., Standardize this
solution every 3 weeks by the following procedure.

(a) 4dd about 5 grams KI crystals to each of three 300 ml
Erlynmeyer flasks.

(b) 4dd 150 ml of distilled water and dissolve the crystals.

(¢) Add 10 ml 1:10 HQSCL (10 m1 HpS0), 4~ 90 ml distilled water)
to each flask, / - ,
Miwa )/ -u‘x-:\':" “

{(d) Add exactly 25 ml of Standard B%—ivdaﬂo—ic&uﬁ*on to each of
the flasks with a burette or, volumetric pipette.
1S .

{e) Dllutekto 20q:ml and titrate with the thiosulfate solution.
Add starsh toward the end of the titration when a pale straw
colar is reached. Add thiosulfate dropwise until one drop

just destroys all the blue color,

Example

Standardizetion of Thiosulfate.

M M
Standard-Bi-Iodate Thiosulfate Solution
25 25.4
25 : 25.4
25 25.7

Ave 25.5

10y
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Normality of Thiosulfate = 25.0

- X 0.025
ml thiosulfate required

- 25.0
STEET X 2,025 = .02L5 N
Sizé\gf sghg}q/to’Bé,gssd’iﬁ\tixzatiéh z S025..%-200 =. 205 ml

3

”

i
"6, Standard Bi-Jodate Sclution ~ For s*ock solution, dissolve exactly

1,625 grams K103+ HIO; in 40O ml distilled water and dilute to 500 ml.
This solution is N/103

The N/LO (0,025 N) standard is prepared as needed by diluting 1 volume
of the stock solution with 3 volumes of dimtilled water.

7. Starch Scluticn -~ Make a paste using 5 grams weter soluble starch and a

‘ little distilled water. Pour this emulsion inte 1 liter of boiling
distilled water, allow to boil a few minutes, ¢ool, settle and save the
supernatant. Preserve with 1.25 grams salicyclic mcid or a few drops of
tolusne,

L////// Checking Quality of Dilution Water & Seed Viability

Prepare standard solutions each time used by dissolving 300 milligrams of
CePe glucose or C.P., glutamic acid in distilled water and diluting to one liter.

TR FdfRain, Wit uhin theuldl ehew @ D AL 2T L -1 ., The
glucose should show & BOD of 2244 or 1l ppms An appreciable divergence from
these results should raise question as to either the viability of the seed or
quality of the distilled water,

Variations greater than+or - 22 ppm, more thar 5% of the time indicate
that the technique used is subject to improvement.

When using purchased distilled water it is well to determine the B(D of
glucose or glutamic acid using the water from each jug of water purchased,

- Dechlorination of Waste Samples
2 J

. YA -
To a @80 ml sample add approles. Dissolve the
crystals. Adjust pH of sample to - itrate with 0,025 N sodium
thiosulfate until the solution is & piT;~ llow, add & dash of starch and
titrate until one drop destroys the remai blue color.

1),

Add to a-#80 ml sample of the waste the amoun
above. Let the sample stand 10-20 minutes, then set u
sample, .

thiosulfate determined
e BOD's using this

1353
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Cleaning Glass Ware

LA
-~ BCD bottles should be cleaned after each use with dichromate cleaning
solution and then thoroughly rinsed.

Prepare the cleaning solution by dissolving approximately 100 grams of
potassium dichromnate, or sodium dichromate in 375 ml distilled weter and make
up to one liter with concentrated HéSOh. Add the ecid to the water solution
slowly with constant stirring.

The dilution water jugs, siphons, etc. should be cleaned occasionally with
strong chlorine solutions to kill any residual algae growth.

Trouble Shooting the BOD Test

Since the BCD test is a bio-assay reliable results are dependent on the
nature of the waste, the technique employed, and cleanliness of equipment.

On rare occasion, even after proper treatment of the sample, & sample may
exhibit some toxicity. This is evidenced by successfully higher BOD values as
the dilution becomes greater.

Most paper mill wastes, if prepared as previously outlined, do not exhibit
toxicitye.

Sloppy measurements when adding waste to the bottles is a common source of
error., Poorly mixed samples from which a representative sample cannot be
obtained is another source of error. Over shooting the end point is a third
source of error in technique. This can be avecided by dropwise titration toward
the end of the titration.

Erratic BOD results can be caused by improperly cleaned equipment. Excessive

drops in D.C. in the incubated blanks may be caused by the presence of algae,

If the precautions outlined herein are followed and trouble with the test
is encountered, contact your Council Regional Engineer.
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EVALUATION OF WASTE SOLIDS AND B.O.D.

1. Install a weir in No. Z sewer to get an idea of flow,
B.0.D. and total suspended solids going to the river,

2., If the results in the preceding are high then we should
pive the water from No. 2 sewer to the waste treatment plant,
This will allow us to reduce solids in the wster by 80% and
B.0.D. by 30%.

3, If the efficiency of the waste treatment tank falls below
80% we should reduce the amount of fresh cooling water going
to the treatment plant. At present we are operating the
treatment tank at better than 80% efficiency.

4, We should reuse as much white water in the mill as
practically possible. This includes consistency regulators in
the beater rooms and on machines, wire showers on No. 2 and

centricleaner dilution on No., 4,

5. The gate on No. 3 sewer should be modified so that water
will not flow to the river when the gate is down. At present
a considerable amount of water goes to the river even when

the gate is closed,
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6. We will check the B.',D. of zinc hydrosulfite wash
water. We are already checking the solids. From this
information we can determine how serious a disposal nroblem
the zinc hydro water will be,
7. When the waste treatment tank solids removal efficiency
drops below 80« we can consider coagulating aids., Before this
is done we should remove all possible fresh water goine to the
treatment tank,
8. A coagulating agent may help our B.0.D. but we will have
to check on our specific wastes. Work is being done on this
by Andre Carron in Kalamazoo.
9, We are going to check the B.0.D. of starch to see what the
amount of B.C.D. could be on a dump of starch into the
river. At present the drain from the starch rcom goes directly
to the river,
10. As per last conversation with Andre Carron it was agreed
that all possible steps should be taken to keep from going
to secondary treatment of wastes. Not only would the initial

cost be high but the operating cost is very high,
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If we still have an excessive amount of B.C.D. after
we make the preceding changes it is recommended that we wo
to spray irrigation., Ve would spmay only that volume of
water necessary to keep our loss to the river under the
maximum lbs. of B,O.D. allowed. This would be the most
economical way to handle the problem is we can not get

the B.0.D. low enough by reusing white water,

(3
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ECHNICAL BULLETIN File in Naticnal Council
Kurber 172 Binder urder "Technical"

THE AFPLICATION OF STABILIZATION PONDS
IN TEE PURIFICATION OF PULP ARD PAPER MILL WASTES.

The most widely used methcd for reducing the ECD of pulp and raper
mill effluents, is by the use of stabilization basips, wherein effluent
is stored and allowed to oxidize by ratural means. The National Council
for Stream Improvement's Technical Bulletin No. 172, summarizes the develop-
ment and present practice within the industry and describes the improvements
being made and under investigation toward raising the efficiency of this
process.

The recent trend toward oxygenation of stabilization basins by
aerating them mechanically, has reduced the storage period required to less
than 10% of that required for unaerated basins providing the same degree
of purification. This practice, together with a number of inherent advantages
pointed out in the attached bulletin, will undoubtedly increase its
aprlication by the iniustry.

~——.,  Very truly yours,
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Executive Secretary
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Enc.
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THE APPLICATION OF STABILIZATION
POMNDS IN THE PURIFICATION OF
PULP AND PAPER MILL WASTES

Harry W. Gehm

The use of stabilization basins for
the reduction of BOD of pulp mill
effuents is the most widely practiced
form of sccondary treatment employved
by the  pulping  industry  today.
Twenty-three large kraft pulp mills
vinploy this technigue as do two large
chip board wills.  1n additien, quite a
nuniher of small mills have stabiliza-
tion basins.  The reasons for the se-
leetion of this form of treatment are
as follows:

1. Geouraphival  Location :-—Most
witls employinge stabilization basins are
kraft pulp mills located in the south
where  exeeptionally  low  receiving
stream flows and hieh water tempera-
tnres are ohserved seasonally, hence
efffients reguire secondary treatment.
At many mills in the south, large areas
of suitable land are available and the
high ambient temperatures promote a
high level of microbial  activity in
stabilization basins for the greater part
of the year. North temperate climates
provide suitable conditions in some
cases, but their in the northern
climates is not feasible.

2. Responsiveness  of Efffluent to
Treatment —Efuent from modern
kraft mills is of about the same
strength as  domestic  wastewater in
terms of BOD (130 to 300 mg/l),
oxidizes at a similar rate and does not

se

Harry W, Gehm is Technical Advisor, Na-
tional Council for Stream Improvement, Inc.,
New York.

The paper was presented al the 85th An-
nual Mecting of the Water Pollution Control
Federation in Toronto, Ont., Oct, 7-11, 1962,

contain substances inimical to the bae-
terial activity.,  Although natrient ad-
dition is reguired for oxidizing this
waste efficiently by the activated sludge
process, their addition does not appear
measurably stimulating to the oxida-
tion rate.

3. Reliabitity  of  the  Process:—
I'roperly designed and managed  sta-
bilization basins are more reltable in
terms of consistency of efluent quality
than mechanical treatment systems
since they are not subject to break-
downs and handle periedie overloads
without upset.  This is an important
advantage in any stream pollution con-
trol process since months of successful
operation can be destroved by one day
of failure.

4. Flexibility :—The degree of treat-
ment is controllable within reasonable
limits since it is proportional to the
area and depth of the basin employed
for a given discharge.

5. Capital and Operating Cost:—
The capital and maintenance costs of
stabilization basin treatment is gen-
crally a fraction of that of mechani-
val secondary treatment and the op-
erating cost is considerably lower.

Treatment Discussed

Such treatment in the pulp and
paper industry has been an outgrowth
of the waste holding basin first em-
ployed by some kraft mills for protec-
tion of receiving waters. When these
wills were built. the spent liquor re-
covery system was still rather primi-
tive, as were some of the unit processes
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and equipnient employed i it. System
chemieal fosses woere about five times
Ligher than from the modern recovery
plant. and frequently slugs of spent
conking liguor found their way to the
sewer.  In order to prevent direet dis-
charge of the strong and caustic efffu-
viit produced by the old systems at low
receiving  stream flows  regulating
basins were eonstructed at many mills.

As improvements such as couunter-
current  vacuwm pulp washing, the
long tube multiple-effect evaporator,
coutinuous csusticizing, and others
were  employed in  recovery plants,
fosses decreased radically and upsets
beecame infrequent. This progress was
reflected iu & decided change in effluent
character. The waste lost its strong
cpnsticity angd bevame relatively neu-
tral and weak in strength as measured
by other eriteria.  Pesch (1) reports
a U, 8. Public Health Setrvice surveyv
indicating mearly 70.percent decrease
in puunds of BOD discharged per ton
of product between 1935 and 1950 as
a result of recovery plant improve-
ments.

It was observed by Iodges (2), Davis
(3). and others that an appreciable
BOD reduction occurred in holding
basins. This plienomenon was studied
in the field and the laboratery by
Carpenter and Porter (4) and by
Moggeio (3). They demonstrated that
the oxidation obscrved on storage was
due mainly to microbial decomposition
and not to atmospherie oxidation of
reducing substances present in the
waste as some previously believed.
Their investigations also revealed the
necessity for removing fiber from the
waste previous to storage. When de-
posited pn the bottom of a basin, fiber
liquefies rapidiy adding very appreci-
ably to the cffluent BOD. Another
difficulty is that passification occars,
floating. the fiber to the surface and
preventing oxygen absorption from the
atmosphere. The rate of fiber decompo-
sition under these conditions has been
reported by Lardieri (6).
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As a result of these investigatious.
some  mills svon  built  stabilization
basins, aud coxisting waste storage
basins at others were adapted to this
purpose, (rawford «7) as well as
Bishop and Wilson (8) reported on
results ovtained at two such carly in-
stallations.  Units of this type pro-
vided a detention period for the effuent
of from 13 to 30 days and redueed the
3-day oxygen demand between 50 and
70 perceunt during the warm months.
No attempt was made to design them
at a fixed depth sinee the natural
topography deterined their configura-
tion. Rather, the site was generally
selected on the basis of obtaining the
greatest capacity in the smallest area.
BOD loadings ranged from 0.6 to 1.2
1b/day /1,000 sq ft (007 to 014 g/
day/sq m).

These stabilization basins are not
strictly acrobie in activity but symbi-
otic with both aerubie and anaerobie
microorganisins being active in the
purification process. It has been estab-
lished that oxygen is dissolved in water
only at the liguid-air interface and is
transferred to deeper portions of a
quiescent body of water by diffusion
downward of the thit layer of oxygen
saturated water at the water-air inter-
fave (3)(9).

The importance of surface absorp-
tion of oxygen has been reported by
Amberg (10). These data indicate that
40-percent BOD reduction occurred in
3 days at a depth of 6 in. (15.2 em),
8 days at 2 ft (0.6 m), and 20 days at
6 ft (1.8 m). Amberg also investi-
rated the effect of aeration at a four
foot depth. Acration for a period of
4 days produced a BOD reduction in
the waste in excess of 90 percent, while
an unaerated waste was reduced only
40 percent after 14 days’ storage at the
same depth. Of interest also in re-
gpect to oxygen transfer at the surface
of a basin is the work of Riddick (11).
Although his studies were not con-
cerned with oxygenation, they illus-
trate the effectiveness of a low degree
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TABLE I.—BOD Reduction by Flowage of Kraft Miil Efluents in Shallow Stream Beds

(Approx. 7 miles (11 km) flowage]

Mill No. Treatiment ' “I!,‘;:i-.nl.;tl'i\lhn ! ! ||‘1;:I“l'.|ll. ' Reductivg

| g, ) ‘ g, b Y
1 Flowage and Storage ! i |
Mas. | 293 i 13 ‘

Min. | 52 X v i 83
Avg. 147 ! 1 )
2 Flowage Only . ]
] Max. 133 133 |

Min. 50 49 | 63
Avg. ur 34 |
3 Flowage Only | | ‘
) Max.® | 62 ‘ 18 ]

. Min. 24 ! l ! 10
Ave. 44 f 27 ;
! b |
4 " Storage and Flowuge i | |
Max. (it 20 ;

: Min. Uy 1.2 "y
i Avg ! 104 1.3 ‘

* Effluent mixed with stream.

of acration in promoting circulation,
henve greater surface exposure and
mixing in stored bodies of water.
DBerger (12) gives data on the BOD
reduction observed on flowage of kraft
will effuents in shallow stream beds.
These data. summarized in Table I,
indicate that the oxygenation obtained
by such flowage is very effective in
promoting stabilization.

Bevause of these observations, con-
siderable effort 1s being made to both
improve effectiveness of existing basins
as well as extend the usefulness of the
process by reducing the storage time
reguirement improving reosygenation,
Recirculation and aeration also allow
treatment of stronger wastes such as
boardmill effluents which range gen-
eratly from 300 to 600 mg‘l BOD.

Operational Examples Given

One example employing both stor-
ave and Howage is the system employed
at the Valdosta, Florida, mill of
Onwens-Illineis Glass Co. This installa-
tion. as reported by Webster (13),
arhicves a 90-pereent BOD reduction

through passage through two large oxi-
datiou basins followed by flowage and
further retention in three small ponds
in series. A similar degree of ef-
fectiveness is attained by a series of
shallow Dbasins, having an average
depth of 3 ft (0.9 m) and an area of
600 acres (243 hectare), at the Conti-
nental Can Co. mill in Augusta,
Georgia. deseribed by Heustis (14)
(13). This is the first installation
designed to provide shallow storage
for the purpose of obtaining higher
efficiency from the improved natural
reoxygenation so obtained.
Recirculation and aeration in stabili-
zation basins by means of low lift irri-
gation type pumps returning over
riffles is employed to treat boxboard
mill efffuent at the Crown Zellerbach
Corp. mill at Baltimore, Ohio. BOD
reduction consistently exceeds 30 per-
cent during the summer months with
an average detention period in the two
basing of 6 days. Turnover achieved
by the reeyele pumps is once a day.
decause of the strength of the waste
treated 300 to 600 mg, 1) and the



ultimate necegaity for a higher degree
of treatment, a¢ration needs to be sup-
plemented. Shortly & turbo-aerator
will be installed in emch of the two
bagins to provide sdditional oxygena-
tion over that provided by the pump-
ing and rifling. A similar instaliation
is planned for another mill employing
a turnover rate of 10 times daily, to-
gether with turbo-aerstors in each
basin (17).

Another mesns of supplemental
seration is onder investigation at the
Cantonment, ¥lorids, mill of the St.
Regis Paper Co. Here a riffle run
1,000-£t (806-m) long and 100-£¢ (30.5-
m) wide was ognstrocted using 7 low
dams, the aress between which are
filled with rubble in order to create
turbulent flow. Up to the present this

TARLE II.~Effect of Aerstion Trested Effuent on Storage Oxidation

small unit hes received a daily flowage
of from 30 to 35 mgd (113,700 to
132,650 cu m/day) and produces a
BOD reduction of about 15 percent.
Tests are under way now to determine
its effleiency at lower throngh-put rates
and with the addition of nutrients. In-
fluence of passage through the riffle
run on subsequent storage oxidation
will also be explored.

An intexsive investigation of high
degree mechanional surface seration was
condurted at the P, H. (latfelter Co.
wmill at Spring Grove, Pennaylvania,
and is reported by Weston and Rice
(16). A view of the aerstion basins
employed is shown in Figure 1.

Six entrsinment aerators, three per

basin, of 60 hp (61 hp metric) each <
were employed in the trials. BOD re-

BOD (mg/D

m

Mixture

81
90
89

s 19541




duction for two basins having & com-
bined detention period of four days
varied from 62 to 82 percent during the
summer and fall months.

Another means which has been tried,
on a pilot-plant scale, for inecreasing
the efficiency of stabilization basins
treating kraft pulp mill efluent, is by
pretreating a portion of the clarified
efluent by the activated sludge process
and combining it with the remainder
for. stabilization treatment. Table II
indicates that storage for three days
of 1:2 and 1:8 mixtures of treated
and raw efffuents produced a final eflu-
ent as good or better than that ob-
served for 20-day storage of the raw
waste alone, It is believed that a com-
biration of preconditioning and seeding

is responsible for the incressed activity
in the basin. A similar observation has
been made for a basin following a
plastic media trickling filter treating
kraft mill efluent.
Basin Circulation

Employment of aeration and aerat-
ing devices for basin circulation is also
receiving attentipn. Diffused air de-
livered through drilled pipe has been
employed in some instances but raft-
mounted mechanical entrainment sera-
tors appear to be a more practieal
approach. One guch raft-mounted de-
vice installed in a2 basin at Georgia
Pacific Paper Co.'s Oregon mill, is
shown in Figure 2.

Data on the effectiveness of partial

TABLE III.—Performance of Aerated and Recycled Stabilization Basins

BOD
Basin | Deten- Airt Recire. Terp.
Tyveof Wasa | Depthe | Som) | i | (%) | ¢S (e Redue.
ta, | Em | B, | P
Flax Pulp 6 1 0.75 20 13-16 73 40 33 45
Int. Kraft 10 4 1.38 0 20-36 252 89 163 04
10 4 193 0 26-39 213 40 173 81
10 3 1.80 0 26-40 193 52 141 73
News Chip 5 9 0 16X | Winter 533 | 240y 203 55 .
5 9 0 16X | Spring 542 | 208 334 62 -
5 9 0 16X Summer | 515 | 110 405 78 ;
4to 5 10 1.00 0 8764 378 | 122 258 68

* Multiply by 0.3 to obtain meters.
{ Multiply by 0.008 to obtain cu m/1.
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TABLE IV.—Performance of Stabilization Ponds in Reducing BOD. . ...
= e : ) BOD :
Pomd . |- Max, . -
Mill Produet Type ol Treativent System (A;::’ . nw x‘ -y - i
" {ncres) nilstht ~
] T e | e Y e
Newsprint Mutltiple plus Flowage 100 | 20 200 40 80
Bleached Kraft Single 25 30 299 157 . 48
Newsprint Single 140 15 180 110 30
Unbleached Kraft | Multiple plus Flowage 350 82 200 20 90
Bleachaed Kraft Single 175 35 108 30 67
Single plus Flowage | 4,480 130 130 I
Single 300 40 150 45 70

* Divide by 2.47 to obtain bectare.

acration and n'uxm? of stnb}lmnon
basins is presented in Table III. The

high BOD reductions obtsited dunnr

relatively short storage perieds demon
surdve tne dfeciiveness ot this prmmce
There is no question that the BOD
loading rate can be greatly increased;
however, the relationship between the
degree of mixing and aeration to the
inerease in efficiency under similar con-
ditions remains to be determined.
The most extensive system of this
type combines long withholding of mill
cffuent together with stabilization.
This installation, located at the Spring-
hill, Louisiana, mill of International
Paper Co., has been described by
Coogan (18). Covering over 5,000
acres (2,020 hectare), these basins: are
capable of witholding the entire effluent
from a 1,500 ton/day (1,360 metric
tons/day) bleached kraft mill for a
period of as long as 14 mo for dis-
charge over the month or two of high
runoff that occurs in the receiving
watershed annually. Facilities are also
provided here to fill the bpsing with
fresh water during the same period
for use in the mill throughout the
year. As a basin is emptied of fresh
water it is used to receive efffuent.

Design Requirements

Stabilization basins will probably al-
ways be designed on the basis of the
land available of suitable topegraphy.
However, from what has been learned,

ideal design requircments can be set
forth. These are as follows: «3

1. Sigbilization basing malt receive
waste At of. WK Wi, Dor
this purpose, large circular clarifiers
are used. However, it is well to pro-
vide & small basin between the pond
and the clarifier which will allow solids
passing the clarifier during periods of
upset or repair to settle prior to enter-
ing the oxidation basins. This basin
should be so arranged that it can be
bypassed for cleaning.

2. Basins are best built in multiple
and operated in series to prevent short-
circuiting. At least two separate
basins should be used or a dividing
wall provided if a single basin is em.
ployed.

3. All dykes should be built properly
with a knowledge of soil conditions
and core walled where stability is ques-
tionable.

4. Basips should be cleared of
stumps and the bottom compacted
when this treatment is indicated.
Porous areas should be filled with dis-
persed clay.

5. Inlet and outlet structures should
be designed to provide for changing
the water level for mosquito control.

6. If basin depth exceeds 3 ft
(0.9 m), air or mechanical mixing
should be provided if high BOD re-
duction is to be achieved in a relatively
short storage period (10 days). De-
sign for unmixed basins providing a

= 1354
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high degree of BOD reduction is based
on a loading of 1.2 Ib/day/1.000 sq ft
(0.13 g/day/sq wm), 1.7 to 2.3 lb/day
1,000 sq ft (0.2 to 0.3 g/day,/sq m)
for agitated basins.

7. Intensively aerated basins having
very short storage periods (four days
or less) offer no appreciable advantage
over the activated sluidge process either
from the standpoint of capital or oper-
ating cost, and are not capable of pro-
viding as good a quality of effluent,
particularly in respect to suspended
solids content.

Conclusion

Stabilization basins are rapidly gain-
ing recognition as an established treat-
ment process and are not to be con-
fused with uncontrolled storage basins
which do not compare with them in
performance and have, in many in-
stances. earned an umsavory reéputa-
tion. How effective the process can be
is illustrated by the data presented in
Table IV. We are, at present, witness-
ing the development of smaller basins
of higher performance and a bright
future can be predicted for them,
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